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Summary. To improve the classification of the phenotypes of the various types 
of non-HodgkhYs lymphoma (NHL), 250 cases of NHL were analyzed with im- 
munologic and enzyme cytochemical techniques. The results confirmed previ- 
ous findings. Chronic lymphocytic leukemia of B-cell type (B-CLL) is charac- 
terized by a small amount of surface immunoglobulin (SIg), a predominance 
of C3d receptors, a large number of mouse erythrocyte receptors, and a low T- 
cell con icnt. Chronic lymphocytic leukemia of T-cell type (T-CLL) has at least 
two subtypes: one shows a dot-like reaction product in ceils stained with acid 
nonspecific esterase and the other does not. In prolymphocyte leukemia, there 
is a constantly high percentage of SIg-positive cells and a large amount of SIg 
on each positive cell; C3b receptors usually preponderate over C3d receptors; 
and there is a large number of IgG-Fc receptors. The surface marker phenotype 
of hairy-cell leukemia is similar to that of prolymphocytic leukemia except that 
hairy cells are devoid of C3 receptors and usually show a high density of IgM- 
Fc receptors. T-zone lymphoma usually contains both T cells and B cells. The 
T cells are capable of binding sheep erythrocytes only at" 4 U C and can be iden- 
tified cytologically as the tumor cells. In contrast, the B cells stem from residual 
follicles, which are often present in T-zone lymphoma at the time of the first 
biopsy. Three types of lymph oplasmacytic/-cytoid lymphoma (LP immuno- 
cytoma) are distinguished on the basis of morphologic features. The marker 
constellation of the lymphoplasmacytic subtype resembles that of ccntroblas- 
tic-centrocytic lymphoma. The lymphoplasmacytoid subtype and borderline 
cases between this subtype and B-CLL show the same markers as docs B-CLL. 
The third subtype of LP immunocytoma, the polymorphic subtype, differs in 
its marker profile from all other types of NHL. The three types of lymphoma 
derived from germinal center cells resemble each other in the expression of 
nearly equal numbers of C3b and C3d receptors and a low percentage of IgG- 
Fc receptors. Centrocyte lymphoma is distunguished from centroblastic-cen- 
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trocytic lymphoma by a large proportion of cells bearing SIg and C3 receptors 
and by the absence, or small proportion, of T cells and cells rosetting with 
mouse erythrocytes. Centroblastic lymphoma shows a marker profile that is 
similar to that of centroblastic-centrocytic lymphoma. The Burkitt type of lym- 
phoblastic lymphoma shows a unique marker profile, with a high percentage 
of SIg-positivc cells and no other markers. Analysis of lymphoblastic lym- 
phoma of the convoluted-cell type (including cases of acute lymphoblastic leu- 
kemia with a focal acid phosphatase reaction) revealed four phenotypes. Cases 
with the first phenotype show C3 receptors (usually both subtypes) and a lack 
of sheep erythrocyte receptors. In cases with the second phenotype, the cells ex- 
press both C3 receptors and sheep erythrocyte receptors. Cases with the third 
phenotype lack C3 receptors but contain cells rich in receptors for sheep ery- 
throcytes that bind at 37 °C. Nearly all of the cases with these three phenotypes 
are devoid of acid nonspecific esterase. Cases with the fourth phenotype lack 
C3 receptors, exhibit sheep erythrocyte receptors that bind only at 4 °C, and 
show a focal acid nonspecific esterase reaction. Eight of nine cases of 
immunoblastic lymphoma showed SIg and were thus identified as B-cell 
derived. The ninth case was of T-cell type, as indicated by the capacity of the 
tumor cells to form rosettes with sleep erythrocytes. 

Key words. Non-Hodgkin's lymphomas - Surface markers - Enzyme markers 



ML lymphocytic 
B-CLL 
T-CLL 

Prolymphocyte leukemia 
Hairy-cell leukemia 

Mycosis fungoides and Sezary's syndrome 
T-zone lymphoma 
ML lymphoplasmacytic/lymphoplasmacytoid 
ML centrocyte 
ML centroblastic-centrocytic 
MU centroblastic 
ML lymphoblastic 
Burkitt type 
Convoluted-cell type 
Unclassified 
immunoblastic 



Table 1. Kiel classification of non-Hodgkin's 
lymphomas 
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Introduction 

The Kiel classification of non-Hodgkin's lymphomas (NHL; Table 1) was estab- 
lished mainly on the basis of cytomorphologic and immunochemical studies (Stein 
et al. 1972; Lennert et al. 1975a,b; Stein 1976). To improve this basis we have per- 
formed a multiple marker analysis of the various NHL types since 1976. Prelimi- 
nary results of this analysis were reported in a number of previous papers (Stein 
1978; Stein et al. 1978, 1979; Stein and Tolksdorf 1979; Tolksdorf et al. 1980). 

The aim of the present paper is to give a detailed survey of our findings on 
a total of 250 cases of NHL. We will not attempt to compare our findings with data 
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Surface and Enzyme Phenotyping 

table 2 shows the markers used. The assays for surface markers are described elsewhere (Stein 1978; 
Tolksdorf et al. 1980). Acid phosphatase activity was demonstrated with the method of Leder (1967). 
Acid nonspecific esterase staining was performed as described recently (Tolksdorf and Stein 1979). 



Results and Discussion 

|1: We related the findings obtained in the marker studies to the morphology of the 
||::y;; NHL types and obtained the following results. 

./ Chronic Lymphocytic Leukemia of B-cell Type (B-CLL) 

: As Fig. 1 shows, the number of SIg-positive cells varied greatly from case to case 
|;. ; |: : : of chronic lymphocytic leukemia of B-cell type (B-CLL). However, the percentage 
|;;|: ; of SIg-positive cells was usually higher in the blood than in the suspension pre- 
|||:; : : -pared from the lymph node biopsy. The SIg density (not shown in Fig. 1) was 
i usually low, but also varied greatly from case to case, 
ymphomas (NHL; Table 1) was estab- JiK: Highly characteristic of B-CLL were a preponderance of C3d receptors over 
>gic arid immunochemical studies (Stein C3b receptors, with a ratio of 3 to 1, and the expression of mouse erythrocyte re- 

76). To improve this basis we have per- |||:;;. : ceptors by a high percentage of cells. 

/arious NHL types since 1 976. Prelimi- MWr The number of cells bearing IgG-Fc receptors varied greatly, depending on the 
in a number of previous papers (Stein detection assay used. This probably reflects the varying density of IgG-Fc recep- 

^olksdorf 1979; Tolksdorf et al. 1980). Jff^tors on the tumor cells of B-CLL. 

'e a detailed survey of our findings on The T-cell content was usually low, a finding that proved to be helpful in dif- 

empt to compare our findings with data ferentiating B-CLL from certain cases of lymphoplasmacytic/-cytoid lymphoma. 
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Fig. I. Chronic lymphocytic leukemia of B-cell type (B-CLL). On the left, a symbolic representation of 
the morphology of the cells that proliferate in this type of lymphoma. On the right, the results of marker 
studies are plotted. The abscissa shows the percentage of positive cells obtained for the different 
markers. The dots symbolize the values obtained in lymph node suspensions and the x's symbolize the 
values obtained in blood cell concentrates. The length of each rectangle indicates the median value 

Chronic Lymphocytic Leukemia of T-Celi Type (T-CLL) 

In five of the cases of chronic lymphocytic leukemia in our series, the cells were ca- 
pable of binding sheep erythrocytes at 4 °C (but not at 37 °C) and lacked Slg, re~ 
ceptors for mouse erythrocytes, and C3 receptors. The cells from four of these cases 
exhibited a focal or dot-like acid esterase reaction product and lacked IgG-Fc re- 
ceptors, as do the cells of the normal T-cell subpopulation with a helper function. 
The cells of the fifth case were characterized by a very large amount of weakly 
basophilic cytoplasm, which contained azurophil granules in 20-30% of the cells. 
This case showed IgG-Fc receptors but no acid esterase reactivity. Its phenotype 
thus corresponds to that described for the T-cell subpopulation with a suppressor 
function. 

Chronic Lymphocytic Leukemia with an Anomalous Phenotype 

Our series contained another case with an exceptional marker profile. In this case, 
85% of the cells bound sheep eryhtrocytes at 4 °C (but not at 37 °C) and reacted 
with an anti-T-cell serum (Rodt et al. 1975), but 35% of the ceils reacted with : 
F(ab0 2 fragments directed against IgM, IgD, or k. C3d receptors were expressed 
by 91 % of the cells and IgG-Fc receptors by 72%. Strong, focal acid phosphatase 
and acid esterase reactions were found in 70% of the cells. Thus, the phenotype 
of this case does not fit into any of the known T- or B-cell categories. 

Prolymphocytic Leukemia 

In contrast to B-CLL, all of the 1 1 cases of prolymphocytic leukemia investigated 
(Fig. 2) showed a high percentage of SIg-positive cells and a high Slg density. Al- :i| 
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Fig. 4. T-zone lymphoma. For explanations see Fig. 1 

In three cases a significant number of B cells were also present. They expressed 
receptors for both C3b and C3d and receptors for mouse erythrocytes. Some of the 
B cells also bore receptors for IgG-Fc. 

Morphological analysis of the rosette-forming cells clearly indicated that the 
sheep erythrocyte rosette-forming cells were the neoplastic ones. Moreover, the B- 
cell fraction present in varying percentages in all cases proved to be polyclonal in 
|g: terms of light-chain expression. 

3 receptors on hairy cells was appa^J- ;|||: Lymphoplasmac y {ichcytoid Lymphoma (LP Immunocytoma) 
s present in hairy cells because IgM and • * r y J 7 

i as indicator cells. By changing the ex- :|||:;; In contrast to B-CLL, which is a proliferation of nonsecretory B cells, and to plas- 
'omitting pelleting of the hairy cells and ' macytoma, which is a proliferation of secretory B cells, LP immunocytoma is de- 

Dnfirm the results of Burns et al. (1977) Bv^ fined as a mixed proliferation of nonsecretory and secretory B cells. The secretory 
M molecule and not via C3 fragments. :f|hV B cells (plasmacytoid cells) can be identified by their content of easily detectable 
»t stained by the anti-C3 receptor serum :||||;:.; cytoplasmic Ig (CIg) when stained with the immunoperoxidase method. 

l^gQ^ LP immunocytoma is not a homogeneous entity. Three subtypes can be distin- 

41s proved to be a useful marker. Hairy fjfgK guished morphologically (Fig. 5). 

lar granular acid esterase reaction prod- :|| pf The lymphoplasmacytoid subtype (see I in Fig. 5) shows a predominance of 
Stein 1979). This acid esterase reactivity ^^lymphocytes and some plasmacytoid cells. The marker constellation of this type 
-ina tartrate-resistant acid phosphatase. -K-il and of borderline cases between B-CLL and the lymphoplasmacytoid subtype re- 

III; : sembled that of B-CLL. The ratio of C3d to C3b receptors was 3: 1 , the percentage 
of cells binding mouse erythrocytes was high, and the T-cell content was low, as 

J!§:in B-CLL. 

u* v. n taee of sheep erythrocyte vlll The lymphoplasmacytic subtype of LP immunocytoma (see II) ist characterized 
,d a hign 8 ^ ^ abk |||; ■ ■ b y a m j xtur e of different cells. The pathognomonic cell is a plasma cell of the Mar- 

M ? V destine that the sheep erythro- Iffischalko type. This subtype showed nearly equal numbers of C3b and C3d receptors, 
^ripherd T cells relatively low percentage of cells binding mouse erythrocytes, and a relatively 
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Fig. 5. Lymphoplasmatic/-cytoid lymphoma (LP immunocytoma, LP-Ic). For explanations see Fig. 1 

large number of T cells. This marker profile is similar to that of centroblastic-cen- 
trocytic lymphoma.- 

The polymorphic subtype (see III) is defined morphologically as a mixture of 
lymphocytes or lymphoid cells and plasmacytoid cells, interspersed with a large 
number of blast cells. The marker profile is not similar to any other pattern. 

Lymphomas Derived from Germinal Center Cells 

We distinguish three types of germinal center cell lymphoma. 

Centrocytic Lymphoma 

The first type of malignant lymphoma that we consider to be derived from ger- 
minal center cells is centrocytic lymphoma. As shown in Fig. 6, it is composed only 
of cells that are similar to centrocytes. The number of SIg-positive cells and the Slg 
density were usually high. We found a nearly equal number of C3b and C3d recep- 
tors, a low percentage of mouse erythrocyte-binding cells, and a low T-cell content. 
This marker constellation is clearly different from that of B-CLL. 

Centroblastic-Centrocytic Lymphoma 

A schematic representation of the cytologic composition of the second type of ger- 
minal center cell lymphoma, centroblastic-centrocytic lymphoma, is shown in 
Fig. 7. Centroblastic-centrocytic lymphoma imitates follicular lymphoid hyper- 
plasia in its cytology. Centroblasts and centrocytes proliferate side by side, but cen- 
trocytes predominate. 
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Fig. 7. Centroblastic-centrocytic lymphoma (CB-CC). For explanations see Fig. 1 



In contrast to centrocytic lymphoma, the number of SIg-positive tumor cells 
varied. The most important markers for centroblastic-centrocytic lymphoma were 
found to be C3 receptors, mouse erythrocyte receptors, and sheep erythrocyte re- 
ceptors. The number of C3b receptor-positive ceils was nearly equal to that of C3d 
receptor-positive cells. The percentage of mouse erythrocyte receptor-positive cells 
; was relatively high (between that of B-CLL and centrocytic lymphoma). The same 
: holds true for the T-cell content. 
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Fig. 10. Immunoblastic lymphoma of B-cell type (B-IB). For explanations see Fig. 1 

the term "mature thymocyte subtype of lymphoblastic lymphoma" was chosen. 
The fourth marker constellation was found in three cases. It was characterized by 
the lack of C3 receptors/the presence of sheep erythrocyte receptors that were ca- 
pable of binding only at 4 °C, and the presence of both acid phosphatase and non- 
specific esterase activity. This pattern corresponds to that of a majority of periph- 
eral blood T cells. 

Immunoblastic Lymphoma 

In eight of nine cases of immunoblastic lymphoma we found SIg on the tumor cells 
(Fig. 10). We analyzed three cases for HLA-DR and found this antigen to be pres- 
ent on most tumor cells. It is interesting to note that in three cases the percentage 
of mouse erythrocyte rosette-forming cells exceeded 45%, and that in two cases the 
percentage of sheep erythrocyte rosette-forming cells exceeded 60%. The B-cell na- 
ture of these two cases could also be clearly demonstrated by monotypic light chain 
staining of the tumor cells. 

Thus, all eight cases were B-cell-derived. Unfortunately, the results of the 
marker studies we performed do not permit us to distinguish between B-immuno- 
blastic lymphoma and centroblastic lymphoma. 

The cells of the ninth case lacked SIg and formed sheep erythrocyte rosettes. 
Thus, this case of immunoblastic lymphoma was identified as T-cell-derived. 

Final Remarks 

The immunologic data presented in this report are summarized in Table 3. We are 
aware of the problems connected with condensing data into this form. Neverthe- 
less, some readers may find the table helpful, especially because we have limited 
the data to those on the types of NHL derived from B cells. 
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TRANSCRIPTIONAL REGULATION OF THE HUMAN IgE RECEPTOR 

(FceRII/CD23) BY EBV 

Identification of EBV-Responsive Regulatory Elements in Intron l 1 

JILL LACY 2 and HANA RUDNICK 
From the Department of Internal Medicine, Yale University, New Haven, CT 06510 



EBV infection of B cells Induces the B cell activa- 
tion Ag, CD23 (FccRII). CD23 remains constitutively 
expressed at high levels in all EBV-immortalized B 
cells and likely plays an important role in the initi- 
ation and maintenance of immortalization by EBV. 
By utilizing an EBV-negative Burkitt's lymphoma 
line (BJAB) and EBV-positive sublines derived from 
it t»y in vitro infection, we have examined the molec- 
ular mechanisms involved in the regulation of CD2 3 
by EBV. By nuclear runoff analysis, we have found 
that induction of CD23 is mediated by transcrip- 
tional activation that occurs in the presence of the 
transformation-competent B958 virus but not in the 
presence of the nontraneformlng P3HR-1 strain of 
EBV. To identify EBV-responsive transcriptional 
regulatory elements of GD23, we have performed 
reporter gene assays using plasmids containing 
fragments of the CD23 gene derived from its 5' 
terminus and adjacent flanking region transfected 
into EBV-positive and -negative BJAB lines. We 
have identified a 534-bp fragment of the gene which 
enhances transcription from a heterologous pro- 
moter (SV40) and reporter gene (chloramphenicol 
acetyltransf erase) only in the presence of transfor- 
mation-competent strains of EBV. Deletion of 144 
bp of intron 1 from the 3' end of this fragment 
results in loss of EBV-responsive enhancer activity. 
The finding of an EBV-responsive enhancer element 
of CD23 is supported by mobility shift assays that 
demonstrated the formation of specific DN A-protein 
complexes between nuclear protein from transform- 
ing EBV-positive cells and the 144-bp intron se- 
quence. These studies suggest that the transcrip- 
tional activation of CD23 by transforming strains of 
EBV involves regulatory elements that are located 
within the first intron of the gene. 



EBV, a B lymphotropic human herpesvirus, is causally 
associated with several human B cell malignancies, in- 
cluding endemic Burkitt's lymphoma and B cell lympho- 
mas in Immunocompromised hosts (1.2). In vitro, EBV 
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transforms normal B cells to immortalized lymphoblas- 
toid lines capable of continuous proliferation (3). Because 
the immortalization of B cells in vivo may represent an 
early step in the genesis of the EBV-associated malignan- 
cies, an elucidation of the molecular events involved in 
immortalization may be important in understanding 
EBV-associated lymphomagenesis. Although the molec- 
ular events that iniUate arid maintain the immortaliza- 
tion of B cells by EBV have not yet been fully elucidated, 
in vitro studies suggest that the process may involve the 
5 cell activation pathway and autocrine stimulation. 
Thus, EBV-infected B cells express B cell activation Ag 
(e.g., CD23, CD30, CD39, CD40, and CD44) and cellular 
adhesion molecules (e.g., ICAM-1 . LFA-1, and LFA-3) that 
are expressed on mitpgen-stimulated B cells (4-10). In 
addition, EBV-immortalized lymphoblastoid lines secrete 
factors with B cell growth factor activity, and some f 
these factors stimulate autocrine growth of serum-de- 
prived lymphoblastoid lines (11-15). 

The B cell activation Ag, CD23, also known as the 1 w 
affinity IgE receptor (FccRII) (16-18), may play a central 
role in Immortalization of EBV-infec**d B cells. CD23 is 
rapidly Induced by EBV and expressed at high levels In 
all immortalized B cells (6, 16), and soluble subfragments 
of CD23 (sCD23) stimulate autocrine growth of lymph - 
biastbid lines (14). Furthermore, the expression of CD23 
appears to be closely associated with the immortalizing 
functions of EBV because the nontransforming P3HR-1 
strain of EBV does not Induce CD23 (7), and immortalized 
cells arise only from EBV-infected cells that express 
CD23 (19). Recently, two species of CD23, types a and b, 
which differ by six amino acids in the cytoplasmic amino 
terminus and utilize different promoters and 5' exons 
have been identified (20). Type a expression is restricted 
to B cells whereas type b is expressed in other hemato- 
poietic cells and is inducible by IL-4 (20). Although type 
b CD23 is not found in unstimulated B cells, both type a 
and type b species of CD23 are expressed in EBV-imm r- 
talized B cells (20,21). 

* The molecular mechanisms involved in the regulation 
of CD23 by EBV remain uncertain. Indeed, it is n t 
known whether CD23 is induced by transcriptional acti- 
vation or post-transcriptional events. Although the viral 
proteins EBNA-2 and LMP-1 have been implicated in the 
regulation of CD23 (21-25), the mechanism by which 
these proteins mediate their effects n CD23 expression 
is unclear. The goals of this study are to determine 
whether inducti n of CD23 by EBV involves a transcrip- 
tional mechanism and to identify the transcriptional reg- 
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TABLE II 

Effect oJBBVon CAT reporter ptasmtds containing CD23 genomic fragments in BJAB derived cell lines 



Plasmld 
ConBtruct 



Relative CAT Activity 0 



EBV-Negatlve 
BJAB 



EBV-Posltlve 
BJAO-B958 



EBV-PosMve 
BJAB-B1 



EBVNegaUve 
BJAB-BM07 



p(-1330) 
p{-229) 
p(+161) 
p(del-229) 



0.79 (0.08) n « 3 
0.74 (0.07) n « 3 
0.84(0.07)n = 3 
080(0.08) n«4 



5.7 (0.66) n = 4 
6.1(0.37)n = 5 
3.4 (0.29) n » 4 
1.4(0.10) q« 5 



0.89(0.08)n»3 
0.93(0.08)n = 4 
0.96(0.07)n = 3 
0.79 (0.09) w = 3 



0.78(0.09)n«2 
0.92(0.09)n°2 
0.84(0.08) n° 2 
0.98(0.09) n = 2 
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"Expressed as CAT activity (percent acetylatlon of chloramphenicol) of the plasmld construct relative to the CAT 
activity of the control pAlOCAT plasmld after normalization of CAT activity to /?-galactosidase activity. The value shown 
Is the mean from several (n) transfectJons; the SE Is Indicated In parentheses. 



TABLE in 

Effect of EBV on CAT reporter plasmids containing CD23 genomic 
Jragments in nontsogenic ceil lines 



Plasmld 






Relative CAT Activity 3 






Construct 


EBV-Negstlve 




EBV-PoeiUve 


EBV-PosMve 






Louckea 




LB-XSO-7 


LB- 11-23 




p(-1330) 


0.72 (0.03) n ° 


3 


6.1 (0.84) n« 5 


7.1 (0.94) n« 


3 


p|-229) 


0.75 (0.05) n» 


3 


6.9(0.74) n = 5 


8.9 (0.71) n = 


3 


Pi+161) 


0.79 (0.07) no 


2 


3.2(0.67) n« 4 


3.8 (0.72) n = 


4 


p(del-229) 


0.75 (0.09) n - 


2 


1.3(0.16) 5 


1.0 (0.15) n = 


3 



BJAB- BJAB- BJAB- 
X50-7 Lou 11-23 B1 B958 B1-107 

i ii it ii ii i i 1 

^ 1 2 1 212121 212 



"Expressed as CAT activity (percent acetylatlon of chloramphenicol) 
of- the _ plasmld^ construct relative to the CAT activity of the control 
pAlOCAT plasmld after ncrmoUzaUonof^CATactlvlty to jg-galactosidase 
activity. The value shown Is the mean fromseverai (n) transfectisns; the 
SE Is Indicated in parentheses. 



element is not functional in the presence of the nontrans- 
forming P3HR-1 viral strain, however. 

To localize the EBV-responsive enhancer element(s) 
within the 534-bp fragment, additional CAT assays were 
performed using two plasmld constructs with subfrag- 
ments of the 534-bp fragment, p(+161) which contains 
144 bp of sequence from intron 1 and p(del-229) which 
contains exon 1 and the promoter of type a CD23 plus 5' 
adjacent flanking sequence (Fig. 1). Using the p(+161) 
plasmld, some enhancement of CAT activity was retained 
In the 144 -bp intron sequence of CD23 in all three EBV- 
positive lines infected with transforming strains of EBV 
(Tables n and Hi). However, the enhancer activity of this 
fragment was substantially reduced compared with the 
enhancement observed with the larger 534-bp fragment. 
In the EBV-negaUve lines and the P3HR-1 -converted 
BJAB line, there was no enhancement of CAT activity 
with this 144 -bp fragment. Using the p(del-229) plasmld. 
there was minimal enhancement of CAT activity in EBV- 
positive lines and no enhancement in EBV-negative lines 
(Tables n and 01). These experiments suggest that there 
is an EBV-responsive transcriptional regulatory element 
in the first intron of CD23. However, additional regula- 
tory elements must be present in the 5' region adjacent 
to this fragment because the 534-bp fragment that con- 
tains the intron sequence, plus the first exon, type a 
promoter, and adjacent 5'-flanking region demonstrated 
substantially more CAT activity in the EBV-positive lines 
than did the 144-bp fragment derived from the first 
intron. 

Mobility shift assays. The reporter gene assays sug- 
gested that there may be functi nal EBV-responsive en- 
hancer activity in a 144-bp fragment derived from the 
first intron of CD23. To determine if there are nuclear 
proteins that specifically bind t this fragment, mobility 
shift assays were pert rmed using the 144-bp fragment 
and nuclear extracts derived from both EBV-positive and 
-negative cell lines (Fig. 4, A and B). These experiments 




B 



BJAB- 

X50-7 Lou B958 BJAB 
'1 2 M 1 2"1 2"1 2* 

0 % w *"•»> o»n 
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Figure4, Mobility shift assays using the 144-bp fragment of CD23 
(sec Fig. \D) and nuclear extracts from the three EBV-positive lines 
Infected with transforming virus (X50-7, 1 1-23, and BJAB-B958), the 
EBV-posltlve line Infected with the nontranef ormlng strain of EBV (BJAB- 
Bl). and the three EBV-negative lines (BJAB. BJAB-B1-107. and 
Louckes). Lanes J and 2 show extracts Incubated with 4 and 8 jig of 
poIyfdldC). The arrows indicate the three shifted bands representing 
DNA-proteln complexes that are absent or less abundant In the EBV- 
negative and P3HR1 -Infected lines compared with the EBV-posltlve lines. 
Different extract preparations were used for each gel. 

revealed three bands of retarded mobility in the three 
EBV-positive lines, BJAB-B958. LB-X50-7, and LB-11- 
23. In contrast, only ne of these three bands was ob- 
served c nslstently in the EBV-negative lines and the 
P3HR-1 -converted BJAB line, and this band was mark- 
edly reduced in intensity relative to the EBV-positive 
lines. These findings were confirmed with at least two 
different preparations of extracts, indicating that the 
bserved differences between the EBV-positive and -neg- 
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atlve lines did not simply reflect variability in extract 
prtparatlon. These studies suggest the presence f nu- 
clear protein(s) in the three EBV-positive lines that inter- 
act with sequence in the 144 -bp fragment; these proteins 
are substantially less abundant or absent in all three 
EBV-negative lines examined. 

To determine the specificity f the DNA-protein inter- 
actions bserved. competitl n assays were performed us- 
ing unlabeled 144-bp fragment or heterologous DNA 
(plasmid DNA of 150 bp in length) in Increasing concen- 
trations (Pig. 5). Preincubation of the EBV-positive nu- 
clear extracts with excess unlabeled specific probe re- 
duced the formation of the DNA-protein complexes to a 
greater extent than an equimolar amount of heterologous 
unlabeled probe. Similar results were obtained using dif- 
ferent heterologous DNAs as nonspecific competitor. 
These findings suggest that these bands may represent 
specific DNA-protein Interactions. 

Previous sequence analysis of the 5' region of CD23 
revealed several potential regulatory elements, including 
a a GC-rich motif, 5'-GGGGGCGGGGG-3' ( which could 
bind the transcription factor Spl , at the beginning of the 
first lntron of the type a CD23 (Fig. 1) (37). To determine 
whether the jWA-proteln interactions observed using the 
144-bp fragment involve the Spi binding site, mobility 
shift assays were performed using increasing amounts 
of a 22-bp dcubie-strandcd oligonucleotide containing the 
sequence of the Spl binding site (Fig. 6). These experi- 
ments showed that there was no reduction in the forma- 
ti n of the DNA-protein complexes using the 1 44-bp frag- 
ment and nuclear extracts from the EBV-positive lines 
LB-X50-7 (Fig. 6), LB- 11-23, and BJAB-B958 (not 
shown) in the presence of up to 200-fold molar excess of 
Spl oligonucleotide. Similar results were obtained using 
double-stranded oligonucleotides containing the Apl and 
Ap2 binding sites. These studies suggest that the ob- 
served DNA-protein complexes formed in the presence of 



Specific Non-specific. 




Figures. Mobility shift assay using the 144-bp fragment of CD23 (see 
Fig. ID) and nuclear extract from LB-X50-7 ceils In the presence of 
increasing amounts of unlabeled soecific 144-bp probe or nonspecific 
heterologous DNA of the same size dertved from plasmld DNA. ReacUons 
were incubated in the presence of 4 fig of poly(dI -dC). Lane 0, no compet- 
itor DNA; lanes 1. 2. and 3 show extracts Incubated with 10-, 50-, and 
100-fold molar excess of unlabeled DNA, respectively. The arrows Indi- 
cate the three DNA-protein complexes that arc absent or less abundant 
In EBV-negative and PSHRl-tnfected lines compared with EBV-posttlve 
lines. 
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0 123401234 3 4 




Figures. Mobility shift assay using the 1 44-bp fragment of CD23 (see 
Fig. ID) and nuclear extracts from LB-X50-7 cells In the presence of 
Increasing amounts of unlabeled doubled-stranded oligonucleotides con- 
taining the Spl , Apl , or Ap2 binding sequence. Reactions were Incubated 
In the presence of 4 jig of polyfdl-dC). Lane 0. no oligonucleotide. Lanes 
1. 2. 3. and 4 show reactions Incubated with 10-. 50-, 10O-. and 200-fold 
molar excess of oligonucleotide, respectively. The arrows indicate the 
three DNA-protein complexes that are absent or less abundant in EBV- 
negative and P3HR1 -infected lines compared with EBV-positive lines. 

the 144-bp fragment and nuclear extracts from the EBV- 
positive lines do not involve the Spl binding site. Because 
there are no other consensus sequences of known enhan- 
cer elements within the 144-bp fragment, it is likely that 
the observed DNA-protein complexes involve a novel 
EBV-responsive transcriptional regulatory element. 

DISCUSSION 

These studies extend our understanding of the molec- 
ular mechanisms involved in the regulation of CD23 
expression by EBV in human B cells. By utilizing a model 
system of isogenic EBV-positive and -negative B cell lym- 
phoma lines, we have demonstrated that induction of 
CD23 mRNA expression by EBV clearly results from 
transcriptional activation. Although our studies do not 
exclude the possibility that post-transcriptipnal regula- 
tion may be involved as well, it is clear that increased 
transcription of CD23 is an important mechanism by 
which EBV activates CD23. We have also shown that 
transformation-competent virus is necessary to activate 
transcription of CD23 because the nontransforming 
P3HR-1 strain of EBV failed to increase transcription of 
CD23 in BJAB cells. 

The transcriptional activation of CD23 by EBV sug- 
gests that there may be transcriptional regulatory ele- 
ments of CD23 which are responsive to the presence of 
transforming EBV. In support of this hypothesis, we have 
identified a 534-bp fragment of CD23 (-229 to +305 bp) 
which contains functional enhancer activity in reporter 
gene assays In the presence of the transforming B958 r 
FF41 strains of EBV. This fragment does not enhance 
transcription in the absence of EBV or in the presence of 
the nontransforming P3HR-1 strain of EBV. This latter 
observation is consistent with the inability of P3HR-1 
virus to induce CD23 expression and indicates that 
P3HR-1 virus does n t express the requisite viral prod- 
ucts necessary for transcriptional activation of CD23 via 
EBV-responsive enhancer elements) of the gene that we 
have identified. Previous studies using gene transfer 
techniques have strongly Implicated both EBNA-2 and 
LMP-1 in the induction of CD23 (21-25). Because P3HR- 
1 virus is deleted In the region of the genome that encodes 
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EBNA-2 (1), our studies using whole virus-infected cells 
are consistent with the concept that EBNA-2 may be 
Involved in the transcriptional activation of CD23. 

The EBV-responsive enhancer activity that we have 
identified was maximal in the 534-bp fragment that in- 
cludes approximately 200 bp of adjacent 5'-flanklng se- 
quence of CD23 and extends into intron 1 of the type a 
CD23. Interestingly, neither subfragment of this 534-bp 
piece retained maximum EBV-responsive enhancer ac- 
tivity; the 5' end of the fragment (-229 to +161 bp) 
demonstrated minimal enhancer activity in EBV-positive 
lines whereas the 3' end of the fragment (+161 to +305 
bp) retained only partial EBV-responsive enhancer func- 
tion. These observations suggest that there may be more 
than one enhancer element within the 534-bp fragment 
which function cooperatively to enhance CD23 transcrip- 
tion in the presence of EBV. Alternatively, the enhancer 
element may lie adjacent to or span the cleavage site that 
was utilized in generating the two subf ragments, result- 
ing in some loss of function in the 3' subfragment of the 
534-bp piece. 

The finding of a potential EBV-responsive enhancer 
element of CD23 by functional studies is strongly corrob- 
orated by Jhe jnobility shift assays that demonstrate 
specific DNA-proteln complexes between the 144-bp 
fragment from intron 1 and nuclear protein from cells 
infected with transforming strains of EBV. These DNA- 
proteln complexes were not present or were substantially 
reduced when extracts from EBV-negative lines or the 
P3HR-1 -converted BJAB line were examined. Our obser- 
vations suggest that there are nuclear proteins present 
in EBV-transformed cells which specifically interact with 
the putative EBV-responsive enhancer element(s) that 
has been identified by functional studies. The nature and 
origin of these proteins remain unknown. Although they 
may represent viral products that directly trans-activate 
CD23, It . is also possible that they represent cellular 
intermediate proteins that are activated by EBV infec- 
tion. 

Utilizing a different approach, Wang et aL (44) recently 
described a transcriptional regulatory element of CD23 
which is responsive to EBNA-2. Using EBNA-2-trans- 
fected cells rather than whole virus-infected cells, Wang 
et al. identified an 800-bp fragment (-335 to +465) that 
enhanced reporter gene activity in the presence of EBNA- 
2. Interestingly, deletions from either the 5' or 3' end of 
this fragment resulted in some reduction in its EBNA-2- 
responsive enhancer activity, suggesting that there m^y 
be a cooperative effect between EBNA-2-responsive reg- 
ulatory elements found in sequences flanking both sides 
of the type a promoter. Our findings using whole virus- 
infected cells likewise support the existence of coopera- 
tive EBV-responsive regulatory elements that flank the " 
type a promoter of CD23. 

The regulation of CD23 is complex in that the two 
distinct species of CD23, type a and type b, are generated 
by utilizing different promoters and alternative 5' exons, 
and these species are tissue specific in their expression 
(20). Type a CD23 is restricted to B cells and is constitu- 
tltlvely expressed whereas type b CD23 is expressed In 
other cell types and is induced in IL-4-stimulated B cells 
(20). EBV-infected B cells express both types of CD23 
mRNA (20, 21, 23). and by gene transfer techniques, it 
has been reported that EBNA-2 induces predominantly 



1559 



type a whereas LMP induces predominantly type b spe- 
cies (21 . 23). It is not known whether the type a and type 
b promoters utilize common transcriptional regulatory 
elements and trans-activating proteins or, alternatively, 
whether they are under the control of different transcrip- 
tional regulat ry elements. Interestingly, Suter et al. (45) 
reported an IL-4-responsive regulatory element in the 
250-bp fragment in the adjacent 5' region of the type a 
promoter. However. Suter et al. did not examine the first 
intron of CD23 for the presence of additional IL-4-respon- 
slve elements. Further studies of IL-4-stimulated B cells 
and other cell types, utilizing the reporter gene constructs 
described here as well as mobility shift assays with the 
144-bp fragment of CD23, should permit elucidation of 
the transcriptional regulatory mechanisms involved in 
the generation of these mRNA species. 

Our studies suggest that there is an EBV-responsive 
enhancer element that resides within a 144-bp sequence 
within the first intron of type a CD23. Although the 
transcriptional regulatory elements of many genes reside 
within adjacent 5'-flanklng sequences, the localization 
of enhancers t Ithin introns has been well described for 
several genes, including the immunoglobulin H chain 
gene (38, 46) and the human a 1(1) collagen gene (47). 
Because Lthe enhancera^ we observed within the 
first intron IsTeStivdyweal^t^^^ 
effects between the intron enhancer element and a reg- 
ulatory element In the adjacent 5'~flanking region. In 
addition, these studies do not eliminate the possibility 
that additional regulatory elements reside in other in- 
trons or in adjacent 3'-flanking sequences. 

In conclusion, we have shown that Induction of CD23 
by transformation-competent EBV is mediated in part if 
not entirely by transcriptional activation. A 534-bp EBV- 
responsive enhancer element has been Identified in the 
5 ' region of the gene, and this regulatory element requires 
the presence of 144 bp of sequence from the first intron 
of the gene to retain maximum EBV responsiveness. The 
144-bp sequence from intron 1 binds nuclear protein 
from EBV-pcsitive cells, suggesting that it contains a 
regulatory element that interacts with trans-activating 
proteins present in virus-infected cells. The identifica- 
tion of the specific proteins and sequence involved In the * 
regulation of CD23 by EBV remains to be elucidated. 
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ANALYSIS OF Fc.RU. PROMOTER 



Human rIL-4 was used as a supernatant of stably transfonned 
Chinese hamster ovary cells (H. Hofstetter. manuscript in prepara- 
tion). The UM titer was 300,000 U/ml, using a commercially avail- 
able rDV-4 preparation obtained from Genzyme (Boston, MA) as ref- 



Matntenance qf cells. Jljoye cells, obtained from the American 
Tissue Culture Collection (Rockvllle, MO), were cultured In complete 
culture medium (RPMI 1640 supplemented with 10% FCS, 2 mM 
L-ghitamlne. and 100 jig/ml gentamtctn). 

Plasmtds and, sequencing. The cloning of the 5'-region of the 
FcJUU gene was described earlier (27). Extended DNA sequencing 
was performed using the dideoxy chain*tenhihatioh method (30). 
Various fragments of the 8'-flanWng region of the Fc.Ru*. gene were 
prepared using suitable restriction endonucleases and then inserted 
into the expression vector pCMVcat (31) after removal of the CMV- 
enhancer/promoter cassette by treatment with Xbal and Hindm 
cndonuclease and filling of the S'-overhanglng ends with Klenow 
polymerase. Plasmld pUSprocat contains the entire 5'-reglon of the 
FcJRBt extending from poslUon -1266 of Figure 1 to position 169 of 
the FcJUU cDNA (24). The AUG translation start codon of FcJUU is 
located at position 169-191 of the cDNA, and It is therefore missing 
in all CAT-expresslon plasmids. Plasmld pUSprocat-2 contains the 
S'-regton between positions -1288 and 60. Serial deletions were 
based on the plasmld pUSprocat-2. After digestion with Xbal, the 
plasmld was shortened using exonuclease m and mung-bean nu- 
clease, as recommended by the supplier. The samples were treated 
with Klenow polymerase, then Xbal linkers were added. Subse- 
quently, the preparations were digested with Xbal/HindSn and the 
resected fragments subcloned between the Xbal and Hindm restric- 
tion sites of pUSprocat-2. The resulting deletion mutants were 
checked fey restriction-endonucleas e anal ysis and DNA sequencing. 

Transfectlon qf cell lines. TransfecUon conditions were opti- 
mized using the powerful and versatile expression plasmld pCMVcat 
(31). Plasmld DNA used for transfectlon was purified by two banding 
steps in caesium chloride and ethldlum bromide. Jljoye ceils were 
freshly split 16 to 24 h before transfectlon and seeded at a density 



of 5 x 1 0 s cells/ml. A total of 4 x , 0 ? cells were collected and washed 
twice with Tris-buffered saline. The cells were flinap-ndfd In a mix- 
ture of 4 fig plasmld DNA, 500 *d DEAE Dextran (5 mg/ml in Tris- 
buffered saline) and 850 fi\ Tris-buffered saline supplemented with 
0.6 mM NaaHPOi/NaHaPO* pH 6.8. After incubation at room temper- 
ature for 30 min. the cells were shocked in complete growth medium 
containing 0. 1 mM chloroquine for 1 h. The cells were then washed 
with complete growth medium, divided Into two allquots, and cul- 
tured in complete growth medium. 0.2% of 1L-4 containing Chinese 
hamster ovary cell supernatant or 0.2% of control supernatant was 
added 16 h after transfectlon. 

Analysis qf transfected cells. A total of 40 h after transfections, 
cellular extracts were prepared and 50 n& of protein were assayed 
for CAT activity for 16 h (32). After TLC, the radioactive spots were 
cut out and the radioactivity was determined by liquid scintillation 
counting. 



RESULTS 

Structure qf FcJUI a promoter and its flanking re- 
glow The 5' -flanking region of the cloned Fc.RH, gene 
was analyzed by DNA sequencing (Fig. 1) and computer- 
aided sequence analysis revealed distinctive structural 
elements within this DNA segment (Fig. 2). The most 
striking features consist of two pairs of Alu sequences 
(33) separated by 1600 bp. They are arranged as an 
inverted repeat surrounding the Fc,RH a core promoter. In 
addition, two 188-bp long, almost perfectly identical se- 
quence elements forrnm were 
found adjacent to the Alu repeateTonTof the 188-bp 
repeat elements is located about 300 bp 5' of the TATA 
boxes, whereas its inverted partner is found in the first 



Figure 1. Nucleotide sequence of the 
S'-region of the FcRIl. gene. Solid lines. 
TATA boxes and CCAAT sequence; thin 
lines. Alu sequences; dotted line, pyrtml- 
dlne stretch; boxed sequences, inverted re- 
peat; dots, putative cap site (27); star. 3'- 
end of first exon. 
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Figure 3. Functional analysis of the S'-reglon of the FcJUI* gene, a. 
Diagram of wt and deletion mutants of the FcJUU 3'-rcglon fused to the 
CAT structural gene. Characteristic sequence elements are shown for the 
wt (pUSprocat). corresponding sequences present in the deletion mutants 
are indicated with thick fines, b. Effect of deletions on expression of CAT 
activity In Jijoye cells transiently transfected with the plasmlds shown 
In a. + and - Indicate addition and omission of IL-4, respectively. Five 
independent transfectlon experiments have been performed and the re- 
sult of a representative one is shown. 

ONA-sequence similarities higher than 90% and the 188- 
bp repeat element as a probe (data not shown). The four 
Alu sequences and the two 188-bp repeat elements con- 
stitute an extended inverted repeat surrounding the 
FcJIEL promoter. However, their functional role remains 
unknown as the completely intact promoter region had a 
strongly inhibitory effect on transcription in our assay 
system. Bearing in mind that the Fc«RII is only expressed 

n mature p+/6 + B lymphocytes, but absent on B cell 
precursors as well as on B cells after isotype switching 
(16), the repetitive structure could possibly form a large 
stem-loop in vivo which might be involved in controlling 
the restricted expression of the Fc.RH, during B cell de- 
velopment (16). Interestingly, in the HLA-DRa gene 
whose expression Is regulated coordinate^ with the 
Fc,RII (28), the promoter is also flanked by two Alu se- 
quences at about the same distance from the transcrip- 
tional Initiation site as found in the Fc,RII a gene (37). 

Th core promoter of the FcRII. gene was identified 
from positl n -190 to +80 within the 5'-flanking region. 
If the sequence between -190 and -130 is removed, the 
promoter activity is strongly decreased. The deleted DNA 
segment Includes a CCAAT-box, a sequence motif that 




Figure 4. Fine mapping of regulatory sequences in the 5'-flanktng 
region of the FcRIL gene. a. Schematic representation of wt and deletion 
mutants, b. CAT activity measured in Jijoye cells transiently transfected 
with wt and mutant plasmlds. Continuous line, addition of IL-4; dotted 
line, without IL-4. > 



binds several known transcription factors (38) and that 
was recently shown to be involved in B cell specific gene 
regulation (39). In addition, a negative regulatory element 
consisting of >95% pyrlmidlnes was mapped further up- 
stream in the promoter region. Such segments are often 
regulating tightly controlled genes such as c-myc (40). 

The expression of the FcRUa on B cells is inducible by 
IL-4 ( 1 6). Inasmuch as freshly isolated B lymphocytes are 
not easily amenable to DNA transfectlon, we used Jijoye 
cells as a model system. Jijoye cells have been shown to 
bear IL-4R on their surface (41) and their FcRH expres- 
sion is augmented after the addition of IL-4 (28). We have 
located the DNA element responding to IL-4 within 250- 
bp upstream of the TATA box. Although the amplitude 
of the lL-4-dependent transcriptional activation of the 
transfected genes was small, it corresponds to the mod- 
erate changes seen at the steady-state mRNA level of the 
endogenous Fc.RII gene. Y kota et al. (26) have shown 
that the FcRIL as well as th FcRU, mRNA are induced 
by IL-4. This finding, strongly supported by the results 
of our studies, suggests comm n DNA elements in . lved 
in the IL-4-mediated up-regulation f the two FcJUI pro- 
moters. Such a DNA segment that binds an IL-4 regu- 



ANALYSIS OF FcJW. PROMOTER 



3091 



6 - 




PU810 pBLCAT-3 0US15 pBLCAT-2 



pUSlO 
pUSIS 




i i i 

-253 -44/-105 67 



Figure 5. Identification of an IL-4 responsive element. Plasmld pUSl 0 
was derived from plasmld pBLCAT3 (35) by Insertion of the FcJRII. core 
promoter (positions -253 to +80 of Fig. 1) into the Xhol restriction site 
upstream of the CAT gene. Plasmid pUSIS was constructed by Insertion 
of Fc,RIU sequences (positions -253 to -43) between the Xbal and BamHl 
restriction sites of plasmld pBLCAT2 (35). The diagram shows the CAT 
activity measured after transient transfection of Jljoye cells. 

lated, putative transcription factor has recently been 
found in the regulatory region of a MHC-II gene (42). 

IL-4 and the Fc.RII are thought to play key roles in the 
development of allergies. This view is supported by the 
parallel enhancement of IgE and Fe.RII expression by 
IL-4 (23, 43). Furthermore, Fc,RII-specific mAb block the 
In vitro IgE, synthesis in a isotype-specific manner. The 
study of FcJUI-gene regulation provides a valuable model 
to determine IL-4-mediated molecular events with the 
final goal of gaining a better understanding of IgE regu- 
lation. 
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Abstract— Fey receptors (FcyR) are glycoproteins that function in the immune response through 
their ability to bind the Fc portion of immunoglobulin G. Of the three human FcyR classes, FcyRII 
is most widely distributed among hematopoietic cells and is the only FcyR class present on platelets 
and megakaryocytes. There are three different genes coding for FcyRII: FcyRIIA, FcyRIIB and 
FcyRIIC. Alternative splicing of at least two of these genes results in the production of multiple 
transcripts. Combining Northern blot analysis with reverse transcription-PCR, we analyzed steady 
state levels of Fcr/R!!mRNA in theinegakaryocytic, myeloid and lymphoid lineages. We determined 
that megakaryocyte cells predominantlycontaiiTFcyRIIAmRNA; FcyRIIA transcripts with and 
without the transmembrane exon (FcyRIIal and Fey RIM, respectively) arcpresanHncbmparabie 
amounts. In contrast, B lymphocytes do not express FcyRIIA mRNAs. but do contain both 
FcyRIIB transcripts, FcyRIIbl and FcyRIIb2, as well as the FcyRIIC transcript, FcyRIIc. 
Myelomonocytic cells contain mRNAs from all three FcyRII genes, predominantly the FcyRIIal 
transcript, both FcyRIIbl and FcyRIIb2 transcripts and FcyRIIc. Lineage-specific expression of 
the FcyRII genes implies both differential regulation of expression and differential function in 
diverse cells. 



INTRODUCTION 

The Fey receptors (FcyR) are glycoproteins which bind 
the Fc structure of immunoglobulin G and, thus, link the 
humoral and cellular components of the immune system. 
Three biochemically distinct classes of FcyR have been 
described: FcyRI (CD64), FcyRII (CD32) and FcyRIII 
(CD 16). FcyRII is present with other FcyR classes on 
the surface of monocytes, macrophages, and granulo- 
cytes, while it is the only Fey receptor class present on 
platelets, megakaryocytes and B lymphocytes (Anderson 
and Looney, 1986; Unkeless, 1989; Schreiber et a/., 1989; 
King et aL 1990; Sarmay et aL 1990; Gewirtz et a/., 
1992), the megakaryocyte ce!i line, HEL (King et aL 
1992) and the multipotential hematopoietic cell line 
KS62 (Tax and van de Winkel, 1990). Human FcyRII 
cDNA clones isolated from myeloid, lymphoid and 
megakaryocyte cell lines show structural heterogeneity, 
and three different genes coding for FcyRII have been 
identified and isolated: FcyRIIA, FcyRIIB and 
FcyRIIC (Brooks et al., 1989; Qiu et aL 1990). The 
cDNA structure for the FcyRII class consists of a 
5'-untranslated region, sequences coding for a signal 
peptide regi n (S), an extracellular domain (EC) con- 
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taining two loops with homology to members of the 
immunoglobulin gene superfamily, a single transmem- 
brane region (TM), an intracytoplasmic domain (C) and 
a 3'-untranslated region. FcyRIIA, FcyRIIB and 
FcyRIIC are highly homologous in their extracellular 
domains, although FcyRIIA has two sites of TV-linked 
glycosylation while FcyRIIB and FcyRIIC have three. 
FcyRIIB differs considerably from FcyRIIA and 
FcyRIIC in the intracytoplasmic domain, sharing only 
the fifSi eight amino acids. 

Not only are there three FcyRII genes, but there are 
also multiple FcyRII transcripts in hematopoietic cells, 
as demonstrated by cDNA cloning (Walterhouse et aL 
1988, Brooks et aL 1989; Seki, 1989; Stuart et aL 1989, 
Warmerdam et a/., 1990). These transcripts include 
FcyRIIal, FcyRIIa2, FcyRIIbl, FcyRIIb2, FcyRIIb3 
and FcyRIIc. The 3'-untranslated region of FcyRIIA 
has two alternative polyadenylation sites I kb apart 
which result in 1 .6 and 2.6 kb transcripts, while FcyRIIB 
and FcyRIIC have single polyadenylation sites encoding 
only 1.6 kb transcripts. We previously reported the 
cloning of an FcyRIIA cDNA which lacked the 
transmembrane region from HEL cells (Walterhouse 
et al. 9 1988), and demonstrated the existence of the 
corresponding mRNA, FcyRIIa2, in HEL, CHRF-288- 
11 and U937 cells, and platelets (Rappaport et aL 
submitted). This mRNA suggests the existence f a 
soluble form of the FcyRIIA protein. A similar tran- 
script was found in K562 cells (Warmerdam et aL 1990). 
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We have also demonstrated that the FcyRlIA primary 
transcript can underg alternative splicing in the 5'- 
untranslated region (McKenzie et al, 1992). Three tran- 
scripts f FcyRlIB (FcyRIIbl, FcyRIIb2, FcyRIIb3) 
have been characterized, which differ due to alternative 
splicing f the second signal peptide exon (S2) and the 
first cytoplasmic exon (CI) (Brooks et al f 1989) 

It is not known which FcyRII genes are transcribed in 
each blood cell lineage, nor is it known which transcripts 
are present. Antibodies which distinguish the different 
FcyRII proteins have not been developed. Definition of 
the distribution and gene origin of the FcyRII tran- 
scripts is crucial for studies of both transcriptional 
regulation and post-transcriptional processing. Knowl- 
edge of transcript distribution is also important to 
analyze the function of the individual transcripts. In this 
study we analyzed RNA from both primary ceiis and cell 
lines of various hematopoietic lineages for the presence 
of FcyRII transcripts. We used both Northern blot 
analysis with FcyRII gene-specific probes and reverse 
transcription-FCR (RT-PCR) using FcyRII gene- 
specific primer pairs to determine steady state JFcy RII 
mRNA levels in different hematopoietic cell lineages. 

MATERIALS AND METHODS 

Cells 

The human megakaryocyte cell line, HEL (ATCC 
TIB 180); the human monocytic cell line, U937 (ATCC 
CRL 1593); the human multipotential hematopoietic cell 
line, K562 (ATCC CCL 243); and the human B lympho- 
cyte cell lines, Raji (ATCC CCL 86) and RPMI 1788 
(ATCC CCL 156) were obtained from the American 
Type Culture Collection (Rockville, MD). The human 
megakaryocyte cell line, CHRF-288- 1 1 , was kindly pro- 
vided by Dr David P. Witte (Department of Molecular 
Genetics, Biochemistry and Microbiology, University 
of Cincinnati College of Medicine, Cincinnati, OH) 
(Fugman et a/., 1990). All of these cell lines were 
maintained in RPMI 1640 (Sigma Chemical Company, 
St. Louis, MO) supplemented with 10% (v/v) Serum 
Plus (Hazelton Biologies, Inc., Lenexa, KS) and with 
2mM L-glutamine, 1 x BME Vitamin Solution and 100 
txtdiz penicillin/ 100 mg streptomycin per mi (Gibco 
BRL, Gaithersburg, MD). The human megakaryocyte 
cell line Dami was obtained from Dr Sheryl Greenberg 
(Department of Medicine, Harvard Medical School, 
Boston, MA) (Greenberg et al, 1988). Dami cells were 
maintained in Iscove's Modified Dulbecco's Medium 
supplemented with 10% (v/v) horse serum (Sigma 
Chemical Company) and with 2 mM L-glutamine and 
100 units penicillin/ 1 00 mg streptomycin (Gibco BRL) 
per ml. 

Human platelets were isolated fr m platelet-rich 
plasma (PRP) obtained by differential centrifugation of 
whole blood from normal d nors. The PRP had a white 
cell t platelet ratio of approximately 1 : 1000. Human 
granulocytes were isolated by centrifugation through 
LSM (Organon-Teknika, West Chester, PA) and human 
monocytes were isolated by adherence to serum-treated 



flasks as described previously (Darby et al, 1990; Chien 
et aU 1988). 

cDNA clones 

A full length human FcyRII A cDNA (HFc3.0) r corre- 
sponding to the Fey Rllal transcript, was kindly supplied 
by P. Mark Hogarth (University of Melbourne, Victoria, 
Australia) (Hibbs et aL 1988). Human FcyRIIbl and 
FcyRIIb2 cDNAs were kindly provided by Jeffrey V. 
Ravetch (Memorial Sloan-Kettering Cancer Research 
Institute, New York, NY) (Brooks et al. 9 1989). 

RNA isolation 

RNA was prepared by dispersal in guanidinium 
thiocyanate and extraction with cold acid phenol 
(Chomczynski and Sacchi, 1987). The final pellet of 
RNA was resuspended in diethylpyrocarbonate-treated 
water and stored at -70°C. RNA conens were deter- 
mined spectrophotometrically, except for platelet prep- 
arations, for which amounts to be used were estimated 
from electrophoresis on non-denaturing agarose gels. 
RNA quality was assessed by electrophoresis on agarose 
geis. 

Northern blot analysis 

Thirty micrograms of total RNA was separated on 
denaturing 1% (w/v) agarose/formaldehyde gels follow- 
ing standard procedures (Sambrook et al, 1989). Capil- 
lary transfer of RNA to Zetabind membranes (Cuno, 
Inc., Meriden, CN) was carried out in 1 x HETS buffer 
(TM Cinna Scientific, Inc., Friendswood, TX) overnight. 
Blots were dried at 55°C for 30min and the transferred 
RNA was UV-crossIinked to the membrane in a UV 
Stratalinker 1800 (Stratagene, La Jolla, CA). The blots 
were washed in 0.2 xSSC, 0.5% (w/v) SDS for 30 min 
at 68°C to prevent non-specific binding of radioactive 
probe. The biots were prehybridized at 68°G for at 
least 1 hr in hybridization buffer containing 0.5 M 
sodium phosphate, pH7.5; 7% (w/v) SDS; 1% (w/v) 
BSA; 1 mM EDTA; heat denatured salmon sperm DNA 
(50/ig/ml); and polyadenylic acid (10fig/ml) (Sigma). 
"Phosphorus-labeled probes (see below) (5-10 x 
K^dpm/ml, 0.1-0.6 pmol/ml) were added and the blots 
hybridized at 68 r C for 16 hr. Biots were washed twice at 
room temp with 0.5 x SSC, 0.1% (w/v) SDS for 1 min 
and once or twice at 63°C with the same solution for 
15 min. Washed blots were exposed to Kodak X- 
OMAT-AR film at -70°C for 1-4 days. Blots were 
stripped for reprobing by washing in boiling water. 

Reverse transcription -polymerase chain reaction (RT- 
PCR) amplification 

(a) cDNA synthesis. First-strand cDNA was syn- 
thesized from 10/ig total cell RNA (or 2/ig platelet 
RNA) using Moloney-Murine Leukemia Virus Reverse 
Transcriptase (M-MLV RT) (Gibco BRL, Grand Island, 
NY) in a total volume of 20 p I by a modification of a 
procedure previously described (Witsel and Sch ok, 
1990). The first-strand cDNA reaction mix contained 
1.3 pM Random Primer? (Promega, Madison, Wf); 
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500 /*M each dATP, dCTP, dGTP, TTP (Ultrapure 
dNTP Set, Pharmacia, Piscataway, NJ); I x RT Buffer 
(BRL/Life Technologies), 10 mM dithiothreitol and 500 
units M-MLV RT. 1 x RT Buffer is 50 mM Tris-HCl, 
pH8.3; 75 mM KCl and 3mM MgCl 2 . The reaction 
mixture was held at room temp for 10 min, incubated at 
42°C for 1 hr and then heated at 90°C for 10 min to 
terminate. The reaction mixture was diluted 1:2 by the 
addition of 20 »1 of ! x RT Buffer for a final volume of 
40/iI. 

(b) Amplification ofcDNA by PCR. Twelve microliters 
of the diluted cDNA reaction mix were amplified in a 
total volume of 100 /il containing 50 mM KCl; 10 mM 
Tris-HCl, pH 8.3; 1.5 mM MgCl 2 ; 0.001% (w/v) gelatin; 
200 iiU each dATP, dCTP, dGTP, TTP; 1 5'-primer 
(sense); 1 ^M 3 '-primer (antisense) and 1.5 units Ampli- 
Taq DNA polymerase (Perkin-Elmer/Cetus, Norwalk, 
CT). Fifty microliters of paraffin oil were placed on top 
f the reaction to prevent evaporation. The mixture was 
amplified for 40 cycles using a Perkin-Elmer Cetus 
Thermal Cycler. Each cycle consisted of a denaturation 
step (94°G for 1,0 min), an annealing step (60°C for 
1.5 min) and an elongation step (72°C for 1.0 min) in 
that order. Alternatively, the mixture was amplified for 
25 cycles using a Perkin-Elmer Cetus GeneAmp PCR 
System 9600. Each cycle consisted of a denaturation step 
(94°C for 30 sec), an annealing step (64°C for 30 sec) and 
an elongation step (72°C for 1.0 min) in that order. 

Analysis of PCR Products 

T ;n microliters aliquots of the PCR reaction mixtures 
were analyzed by gel electrophoresis on 1.5% (w/v) 
agarose gels for size determination. Southern blotting to 
Zetabind membranes (Cuno, Inc., Meriden, CN) was 
performed according to the manufacturer's specifica- 
tions. The membranes were pre-hybridized in 6 x SSC; 
50 mM sodium phosphate, pH6.8; r 5x Denhardt's 
reagent; 100 /ig/ml heat-denatured salmon sperm DNA 
f r at least 1 hr, and then hybridized for 16 hr at 37°C in 
the same solution containing 1 x 10 5 cpm/ml of labeled 
oligonucleotide probe. Blots were washed once at room 
temp for 15 min and once at 50°C for 15 min with 6x 



SSC, 0.05% (w/v) sodium pyrophosphate and exposed 
to Cronex film (Dupont, Wilmington. DE) at room temp 
for 1-5 hr. Blots were stripped for reprobing by washing 
once with 200 ml of 0.4 M sodium hydroxide f r 15 min 
at 42°C followed by once with 200 ml of 0.1 x SCC 
0.5% (w/v) SDS, 0.2 M Tris-HCl (pH 7.5) for 1 5 min at 
42°C 

Preparation of oligonucleotides primers and hybridization 
probes 

Oligonucleotides were synthesized on a DNA Synthe- 
sizer 380B (Applied Biosysterns, Inc., Foster City, CA). 
The sequence, gene origin and gene location of these 
oligonucleotides are shown in Table 1 and Fig. 2. The 
gene-specific primer pairs used for PCR were: for the 
Fey RIIA gene, 1 S and 224 M; for the FcyRIIB gene, 
2S and 241 M; and for the FcyRIIC gene, 2S and 
224 M. Oligonucleotides used as hybridization probes 
were kinase-Iabeled according to standard procedures 
(Sambropk et al, 1989). Hybridization probes used for 
the analysis of RT-PCR products included 16 M, 17 M, 
TM, DL and CI. Hybridization probes for Northern 
blot analysis were obtained using PCR \^th primers 
specific for either the Fey RIIA or the Fey RIIB/IIC first 
signal exon. The primer pair used to synthesize the 87 bp 
FcyRIIA-specific probe from the Fey RIIA cDNA 
(Fc3.0) was 1SS and 28 M. The primer pair used to 
prepare the 109 bp FcyRIIB/IIC-specific probe from the 
Fey RUB cDNA was 2S and 36 M. One nanogram of 
Fey RII cDNA was amplified by PCR in a total volume 
of lOO/il as described above. The PCR products were 
purified from agarose gels using a Geneclean II Kit (Bio 
101, La Jolla, CA). One nanogram of the cold PCR 
product was radioactively labeled by PCR in a total 
volume of 25 p\ as described above except M P-a hICTP 
and 32 P-a -dATP (lOOj/Ci, 1.3 pM final concn each) 
were substituted for unlabeled dCTP and dATP. The 
labeled oligonucleotide probes were purified by passage 
over a Sephadex G-50 column (Sigma Chemical Com- 
pany), and their quality and quantity determined by 
agarose gel chromatography followed by autoradiog- 
raphy and by scintillation counting. 



Table 1 . Sequences of oligonucleotides 



Name 


Sequence 






IS" 


5'-ATG 


TCT CAG AAT GTA TGT CCC 


AGA-3' 


224M 6 


5-CTC 


AAA TTG GGC AGCCTT CAC-3' 




2S 


5-GGA 


ATC CTG TCA TTC TTA CCT 


GTC-3' 


241 M 


5-CCC 


AAC TTT GTC AGC CTC ATC-3' 




I6M 


5-CAA 


TGG TTG AAG CCA CAG GTT-3' 




I7M 


5-AGC 


CCA GTC ACT CTC AGT GGC 


AAG-3' 


TM 


5-CCA 


ATG GGG ATC ATT GIG GC 3 




DL 


5-TGG 


AAT TGG CIT GGA CAG TG-3' 




CI 


5-GTT 


TCT CAG GGA GGG TCT CT-3' 




ISS 


5-GGA 


TGA CTA TGG AGACCC AAA 


TG-3' 


28M 


5-AGC 


AGC AGC AAA ACT GTC AAT 


GG-3' 


36M 


5-CCA 


GGA ATA GCA CAG CTG TCC 


ACA-3' 



°S indicates a sense primer. 

*M indicates an antisense primer. 
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RESULTS 

(i) Fc/RIIA transcript distribution 

(a) FcyRIIA mRNAs are the predominant Fr/RJI tran- 
scripts in megakaryocyte cells. We used a probe specific 
for FcyRIIA and a probe recognizing both Fey RUB and 
FcyRIIC (FcyRIIB/IIC) but not FcyRIIA for Northern 
blot analysis to determine steady state FcyRlI mRNA 
levels in different megakaryocyte cell lines. Fey R! IB 
and FcyRIIC transcripts are not distinguished using this 
approach. FcyRIIA transcripts (1.6 and 2.6 kb) were 
found in all three megakaryocyte cell lines tested (Dami, 
CHRF-288-11, HEL; Fig.lA, lanes 2-4). To determine 
the. transcripts present in primary cells, we analyzed 
platelet RNA by RT-PCR with Fey RIIA- Fey RUB- and 
FcyRIIC-specific primer pairs (Fig. 2). Although the 
three FcyRII genes are highly homologous, FcyRIIA 



has unique signal exons and Fey RUB has unique cyto- 
plasmic exons. Fey RHC shares sequence homology with 
Fey RUB signal exons and FcyRIIA cytoplasmic exons. 
This allowed us to use pairs of primers specific for each 
of the three FcyRII genes. Each pair consisted of a 
primer complementary to a region in the first signal exon 
and a second primer complementary to a region in the 
first or second cytoplasmic exon. PCR amplification of 
platelet RNA with FcyRIIA-specific primers yields 
762 bp and 639 bp bands (Fig. 3, lanes 3 and 4). Like- 
wise, PCR amplification of HEL cell RNA with 
FcyRHA-specific primers yields 762 bp and 639 bp 
bands (Fig. 5A, lane 2). Southern blot analysis of the 
platelet PCR products demonstrates that the 762 bp 
band arises from the FcyRIIal transcript containing the 
TM exon and the 639 bp band arises from the Fey RIIa2 
transcript lacking this exon (Fig. 4); HEL cell PCR 



B 





Fig. 1 . Northern blot analysis of hematopoietic cell lines. (A) A Northern blot containing RNA from 
several different hematopoietic cell lines was hyhridized with '.he 87 bp PCR-generated probe specific 
for FcyRIIA. Myeloid (lanes I and 5), megakaryocyte (lanes 2-4) and B lymphocytic (lane 6) cell 
line RNAs were analyzed. Each lane contains 30 pg c* total RNA. Lane I, K562; lane 2, Dami; lane 
3, CHRF-288-11; lane 4, HEL; lane 5, U937; lane 6, RPMI 1788. The upper and lower arrowheads 
indicate the 2.6 and 1.6 kb transcript sizes, respectively. Lanes 1-5, containing myeloid or 
megakaryocyiic ceii line RNAs, have 1.6 and 2.6 kb bands. The B lymphocytic cell line RNA, in 
lane 6, does not have the 2.6 or 1.6 kb bands, but is positive with an oligonucleotide probe to I8S 
rRNA (data not shown). (B) A Northern blot containing RNA from several different hematopoietic 
cell lines was hybridized with the 109 Vo PCR-generated probe specific for FcyRIIB/IIC Myeloid 
(lanes 4 and 5), megakaryocyte (lanos 2 and 3) and B lymphocytic (lane 6) cell line RNAs were 
analyzed. Each lane contains 30 ngoi total RNA. Lane 1, HEL; lane 2, CHRF-288- 1 1 ; lane 3, Dami; 
lane 4, K562; lane 5, U937; lane 6, RPMI 1788. Myeloid and B lymphocytic cell line RNAs, in lanes* 
4, 5 and 6, have 1 .6 kb bands. Megakaryocyte cell line RNAs, in lanes 1 , 2 and 3, do not have 1 .6 kb 
bands, hue are positive with an oligonucleotide probe to I8S rRNA (da'q not shown). 
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Fig. 2. Strategy for Fey RII RT-PCR and Southern blot analysis. The structure of the Fey RII A, 
FcyRIIB and FcyRlIC cDNAs is shown. The exons are depicted as boxes with names contained 
inside: SI, first signal exon; S2, second signal exon; ECI, first extracellular exon; EC2, second 
extracellular exon; TM, transmembrane exon; CI, first intracytoplasmic exon; C2, second intracy- 
toplasmic exon; C3, third intracytoplasmic exon. The upper Fey RIIA cDNA is FcyRHal; the lower 
is FcyRHa2. The upper FcyRIIB cDNA is the FcyRIIbl transcript; the lower is the FcyRIIb2 
transcript. Primer locations are indicated by the arrows; the name of each primer is shown above 
the arrow. The length of the PCR products expected from amplification with the given primers is 
indicated under the brackets. The hybridization probes are indicated by bars under the cDNAs with 

probe names below the bars. 



products have the same hybridization pattern (Fig. 
5B-D, lane 2). Occasional!^ RT-PCR with Fey RHA- 
specific primers yields PCI* products of unknown signifi- 
cance which migrate between the 762 bp and 639 bp 
bands. ' 

(b) Fr/RIIA mRNAs are present in low levels in B 
lymphocytic cell lines and to a much greater extent in 
myeloid cells and cell lines. Fey RIIA mRNAs were not 



detected in RPMI 1788 cells, a B lymphocytic cell line, 
by NorthenLMpt^nalj^is (Fig. 1A, lane 6). Occasion- 
ally, Fey RIIA transcripts wcl^dctccted by RT-PGR i« 
RPMI 1788 as well as in another B lymphocytic cell line, 
Raji (Fig. 5A, lanes 5 and 6). Taken together, this data 
suggests that Fey RIIA mRNAs are relatively minor 
transcripts in the B lymphocytic cell lines tested. In 
contrast, the myeloid cell lines, K562 and U937, express 





Fig. 3. RT-PCR analysis of platelet RNA with Fey RIIA-, FcyRIIB-, and FcyRIIC-specific primer 
pairs. The 1.5% agarose gel stained with ethidium bromide is shown. Lanes 3, 4, 7, 8, II and 12 
are reactions performed with an equal amount of input platelet RNA. Lanes 2, 6 and 10 are reactions 
performed with no input RNA. Lanes I and 13 contain a Haelll digest of #XI74 as size markers. 
With the FcyRIIA-specific primer pair (lanes 2-5), platelet RNA yielded 762 bp and 639 bp bands 
(lanes 3 and 4), while the HFc3.0 cDNA control yielded the expected 762 bp band (lane 5). Using 
the Fey RI IB-specific primer pair (lanes 6-9), there were no PCR products produced in platelet RNA 
(lanes 7 and 8) while the FcyRIIb2 cDNA control yielded the expected 795 bp band. The 
FcyRIIC-specific primer pair (lanes 10-12) yielded a faint 801 bp band in platelet RNA (lanes II 
and 12). The upper arrowhead indicates the 7 t2 bp band corresponding to the FcyRHal transcript 
and the lower arrowhead indicates the 639 bp band corresponding to the FcyRIIa2 transcript. 
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Fig. 4. RT-PCR analysis of blood cell RNA with FcyRHA- 
specific primers. (A) The 1.5% agarose gel stained with ethid- 
ium bromide is shown. Lane I, HaeHI digest of 0X174 as size 
markers; Lane 2, platelets; lane 3, granulocytes; lane 4, mono- 
cytes; lane 5, FcyRHA cDNA HFc3.0. Platelet RNA yielded 
762 bp and 639 bp bands and bands of intermediate size. 
Granulocytes and monocytes yielded a major 762 bp band and 
a minor 639 bp band. HFc3.0 yielded the expected 762 bp 
band. (B) The DNA in gel A was transferred to a nylon 
membrane and hybridized with the oligonucleotide I6M, 
which hybridizes in the SI exon. (C) The stripped blot was 
reprobed with the oligonucleotide TM, specific for the TM 
region. (D) The stripped blot was reprobed with the oligonucle- 
otide DL ( which hybridizes to sequences brought together by 
the splicing out of the TM exon. The upper arrowhead 
indicates the 762 bp band corresponding to the FcyRUal 
transcript and the lower arrowhead indicates the 639 bp band 
corresponding to the Fey RIla2 transcript. The species between 
these arrows are uncharacterized, and hybridization to this 
band is seen with both the TM and DL probes. 



Fig. 5. RT-PCR analysis and Southern blotting of FcyRHA 
transcripts. (A) The 1.5% agarose gel stained with ethidium 
bromide is shown. Myeloid (lanes 3 and 4), megakaryocyte 
(lane 2) and B lymphocytic (lanes ^ 
analyzed. Lane \\ HaeHI digest of f Xjl^ 
2, platelets; lane 3, K 562; lane 4,^93^1^: 5, :Raji;: lane 6, 
>RPN1I 1788; lane .7, FcyRIIA:cbM^ 
yielded J62 and 639 bp bands;. KS^etr^^^e^bp^ 
their major band and a band atfc&bpf: ^ui[%^^elc^a faint 
639 bp band. RPP4I 1788"RNA yiejdIi7of bp^ ; 639 bj)^andl 
intermediate bands. (B) The gel in A wasTSouthern blotted arid 
probed with ilic oligonucleotide I6M, Which hybridizes in the 
SI exon of FcyRHA. (C) The stripped blot was reprobed with 
the oligonucleotide TM, which hybridizes to sequences in the 
TM exon. (D) The stripped blot was reprobed with DL, an 
oligonucleotide specific for TM-lacking gene products. The 
upper arrowhead indicates the 762 bp band corresponding to 
the FcyRUal transcript; the lower arrowhead indicates the 
639 bp band, corresponding to the FcyRIIa2 transcript. 



high levels of FcyRHA mRNAs by both Northern blot 
analysis (Fig. I A, lanes 1 and 5) and RT-PCR (Fig. 5A, 
lanes 3 and 4). FcyRHA transcripts were also observed 
in RNA from granulocytes and monocytes by RT-PCR 
(Fig. 4, lanes 1 and 4). 

(c) FcyRHA mRNA coding for a soluble receptor is 
present at levels comparable to the membrane form in 
megakaryocyte hut not myeloid cells. We consistently 
observed that transcripts of the FcyRHA gene contain- 
ing the transmembrane reHon (FcyRUal) and those 
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Fig. 7. RT-PCR analysis and Southern blotting of FcyRIIC 
, transcripts. (A) The 1.5% agarose gel stained with ethidium 
bromide is shown. Myeloid (lanes 4 and 5), megakaryocyte 
(lane 2 and 3) and B lymphocytic (lanes 6 and 7) cell RNAs 
were analyzed. Lane I, HaeHI digest of*X!74 as size markers; 
lane 2, HEL; lane 3, CHRF-288-ll; lane 4, K562; lane 5, 
U937; lane 6, Raji; lane 7, RPM1 1788. Lane 8 shows the- 
FcyRIIb2 cDNA used as a PCR control amplified with, the:. 
FcyRHB-specific primer pair. HEL RNA yielded no PCR^ 
products. CHRF-288-11 yielded a faint 801 bp band. K562 T 
and U937 yielded a 801 bp band and two upper bands.^ Raji t 
and RPMI 1788 yielded an 801 bp band and an uprjerbaml? 
(B)„The gel seen in A was Southern blotted and probed with 
17M, an oligonucleotide that hybridizes to sequences in the SI 
exon of FcyRIIB/IIC. (C) The same blot was stripped and 
probed with TM, an oligonucleotide complementary to se- 
quences in the TM exon. The arrow indicates the 801 bp band, 
corresponding to the major FcyRIIC transcript. 

RNA preparation in the same RT-PCR experiment as 
determined by serial dilution of the FcyRIIA-specific 
RT-PCR reaction (data not shown). 

(3) Summary of differential expression 

In summary, FcyRIIA, Fey RUB and FcyRIIC 
mRNAs are differentially expressed in hematopoietic 
cells. Megakaryocyte cells predominantly express 
FcyRIIA and no FcyRIIB mRNAs. Fey R I la I and 
FcyRIIa2 transcripts are present in comparable 
amounts. Myelomonocytic cells contain FcyRIIal as 
the predominant FcyRIIA transcript, as well as 
FcyRIIbl, Fcy-RIIb2 and Fey RIIc transcripts. We have 



found that the major transcripts in B lymphocytes are 
FcyRIIbl, FcyRIIb2 and Fey RIIc. All cells positive by 
Northern blot analysis with the Fey RIIB/I1C probe were 
shown by RT-PCR analysis to have both FcyRIIB and 
FcyRIIC transcripts. 

DISCUSSION 

We used a combination of Northern blot analysis and 
RT-PCR to elucidate FcyRII transcript distribution in 
hematopoietic cells. Delineation of the specific FcyRII 
genes expressed in the megakaryocyte lineage has not 
been reported. The distribution of the human FcyRIIal 
and FcyRIIa2 transcripts and the FcyRIIbl and 
FcyRIIb2 transcripts was also unknown. Brooks et al. 
(1989) and Stuart et al (1989) examined FcyRII tran- 
scripts on Northern blots using RNA from a variety of 
hematopoietic cells and cell lines; however, megakary- 
ocyte cells were not examined. Stuart et al. (1989) were 
unable to individually distinguish the FcyRIIA, 
FcyRIIB or FcyRIIC mRNAs and neither group was 
able to characterize the distribution of FcyRIIal, 
Fey RHa2, FcyRIIbl and FcyRIIb2 transcripts. We now 
demonstrate the differential expression of-Fcy-RII-tran- 1 ' 
scripts including FcyRIIal, FcyRIIa2, FcyRIIbl and 
FcyRIIb2 in megakaryocytes, myeloid* cells and 
lymphoid cells. 

Northern blots and gene-specific hybridization probes 
traditionally have been used to demonstrate the. presence 
of specific mRNAs. One disadvantage of this technique 
is the difficulty of distinguishing mRNAs arising "from 
highly homologous genes. This can be overcome using . 
RT-PCR with gene-specific primer pairs. It is also 
difficult' to resolve similarly-sized transcripts by North- 
ern blot analysis; for example, FcyRIIal and FcyRIIa2 
transcripts, differing by the presence or absence of the 
J;l 23 bp transmembrane exon, arenot resolved. However,, 
these* transcripts can be easily distinguished by using 
■primers bracketting the transmembrane exon in ,RT- " 
PGR/ [ Another advantage of RT-PCR is its extreme^ 
sensitivity. This sensitivity can also be a disadvantage, 
since', very low abundance transcripts of questionable 
significance may be detected. Therefore, Northern blot 
analysis in conjunction with RT-PCR provided a means 
to accomplish a comprehensive study of FcyRII tran- 
script distribution in hematopoietic cells. 

Using this strategy, we demonstrated that FcyRIIA is 
the predominant FcyRII mRNA in both primary cells 
(platelets) and cell lines (HEL, CHRF-288-li and 
Dami) of the megakaryocyte lineage. These cell lines 
provide a model system to study FcyRIIA function, 
since FcyRII is the only Fey receptor class expressed 
(King et al., 1992; data not shown) and here we show 
that FcyRIIA mRNA predominates in this lineage. 

Megakaryocyte cells express transcripts of FcyRIIA 
differing by the presence or absence of the TM region. 
In other work, we have demonstrated that these tran- 
scripts result from alternative splicing of the TM 
exon (Walterhouse et al, 1988; Rappaport et al 1993. 
The transcript lacking the TM exon, FcyRIIa2, may 
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code for a potentially soluble form of FcyRIIA. A 
soluble receptor that arises by alternative splicing of the 
TM exon is distinct from one that arises by proteolytic 
cleavage of a membrane transcript (eg. murine Fey RII/0 

r by phosphatidyiinositoi-phospholipase C cleavage of 
a phosphatidyinositol-anchored form (e.g. human Fcy- 
RIIIB). Splicing out of a transmembrane exon and 
retention of the cytoplasmic domain occurs in the pro- 
duction of other members of the immunoglobulin super- 
gene family, including HLA-A24 (Kxangel, 1986), 
HLA-DQB (Briata et aL, 1989), CD8 (Giblin et aL, 
1989), the GM-CSF receptor (Ashworth and Kraft, 
1990X the 1L-4 receptor (Mosley et aL, 1989) and the 
IL-7 receptor (Goodwin et aL, 1990). In megakaryocyte 
cells, the FcyRIIal and FcyRIIa2 transcripts appear to 
be equally represented. In contrast, the FcyRIIal tran- 
script predominants in myeloid cells. These observations 
suggest that splicing of the transmembrane exon is under 
lineage-specific control. We hypothesize that megakary- 
ocytes and platelets are a major source of soluble 
FcyRIIA protein. A soluble FcyRIIA receptor can be 
predicted to compete with the integral membrane 
Fcy RIIA receptor for binding IgG-containing. immune t 
complexes and, thus, play an important regulatory role 
in immune function. 

A polymorphism has been defined in the extracellular 
domain of FcyRIIA that influences the relative binding 
of anti-FcyRII monoclonal antibody, 41H16 (Clark et 
aL, 1989; Gosselin et aL, 1990). This allotypic difference 
in the binding of 41 H 16 has been observed with platelet, 
neutrophil and monocyte FcyRII but : not with B lym- 
phocyte FcyRII, suggesting that FcyRIIA is not ex- 
pressed in B lymphocytes (Gosselin et aL, 1990). Thus, 
our FcyRIIA transcript distribution data is in agreement 
with the available information regarding FcyRII protein 
distribution. 

In contrast to FcyRIIA transcripts- all '.FcyRI IB;; 
and Fey RIIC transcripts in all bipod ceil lineages * 
examined contained the TM region. We were able to ^ 
distinguish the FcyRIIB transcripts, Fey RHbl* arid 
Fey RIIb2, which differ in the presence or absence of the 
first cytoplasmic exon. Both transcripts are present in 
lympho-cytic cell lines (Raji and RPMI 1788), as well as 
in myeloid cell lines (U937 and K562). This is in con- 
trast to the expression of the murine forms homologous 
to human FcyRIIbl and FcyRIIb2. In the mouse, Fcy- 
RIIb2, which lacks the first cytoplasmic exon, is found 
only in cells of the myeloid lineage where it is capable of 
endocytosis of immune complexes. Murine FcyRIIbl 
which retains the first cytoplasmic exon is present in 
lymphocytic cells and does not function in endocytosis. 
It has been suggested that the insertion of sequences in 
the cytoplasmic tail of the murine FcyRIIbl protein 
interferes with coated pit-mediated endocytosis (Mietti- 
nen et aL, 1989). In other work, human FcyRIIal, 
FcyRIIbl and FcyRIIb2 cDNAs have been transfected 
into COS-1 cells (Indik et aL, 1992a, b). All three pro- 
teins were capable of binding antibody-coated erythro- 
cytes; however, only cells transfected with Fey RII A were 
able to phagocytose the antibody-coated erythrocytes 



These results suggest Chat if FcyRIIbl and/or FcyRIIb2 
mediate phagocytosis in the macrophage, additional 
molecules beyond those found in the COS cell may be 
required. The function of both forms of human FcyRIIB 
in both myeloid and lymphoid cells remains unknown. 
We speculate that the two forms may functi n in 
difterent signaling pathways in the same cell type, in 
contrast to the case of the murine homologues. 

These studies reveal the existence of FcyRII tran- 
scripts, FcyRIIal, FcyRIIa2, FcyRIIbl, FcyRI I b2, and 
Fey RIIc, predicting at least five distinct proteins differ- 
entially expressed in platelets, neutrophils, monocytes 
and B lymphocytes. We .have made progress in decipher- 
ing FcyRII expression at the mRNA level. The chal- 
lenges for future work are to decipher the regulatory 
mechanisms underlying differential expression and to 
examine the functional consequences resulting from the 
structural diversity. 
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